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Abstract: PM motor drives require a rotor position sensor to properly perform commutation and current control.
To reduce cost and improve reliability, such position sensors may be eliminated. Sensor less control is desired
for  some  applications  where  those  sensors  cannot  function  reliably because of the harsh environments.
The BLDC motor provides an attractive solution for sensor less operation this project presents a low-cost
position sensor less control scheme for brushless dc motors. The cost saving is further increased by coupling
the sensing circuit with a single-chip micro controller for speed control. In addition, a non-dissipative Snubber
is used in the circuit. A non-dissipative Snubber consists of a capacitor connected in parallel with a diode.
Since a resistor is not present in this Snubber, there will be no dissipation. The capacitor will store the energy.
Hence same output can be obtained for reduced input. This improves motor efficiency. The circuit is simulated
using MATLAB and implemented using embedded controller. Both simulation and hardware results are verified.
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INTRODUCTION Because of their higher efficiency and power density,

Brushless Direct Current (BLDC) motors are one of a variety of applications in industrial automation and
the motor types rapidly gaining popularity. BLDC motors consumer electric appliances. PM motors can be classified
are used in industries such as Appliances, Automotive, into two major categories with respect to the shapes of
Aerospace, Consumer, Medical and Industrial their back EMF waveforms, PM AC synchronous (PMAC)
Automation Equipment and Instrumentation. As the name motors with sinusoidal back EMF and brushless dc
implies, BLDC motors do not use brushes for (BLDC) motors with  trapezoidal back EMF. A PMAC
commutation; instead, they are electronically commutated. motor is typically excited by a three-phase sinusoidal
BLDC motors have many advantages over brushed DC current. On the other hand, a BLDC motor is usually
motors and induction motors. A few of these are: powered by a set of currents having a quasi square

Better speed versus torque characteristics accomplished with a full-bridge voltage source inverter.
High dynamic response An attractive feature of this approach that makes it
High efficiency suitable for a low-cost drive system by means of easy
Long operating life rotor position sensing.
Smoother operation PM motor drives require a rotor position sensor to
wide speed ranges properly perform phase commutation and/or current

In addition, the ratio of torque delivered to the size of information is necessary; thus a position sensor with high
the motor is high which makes it useful in applications resolution, such as a shaft encoder or a resolver, is
where space and weight are critical factors. typically  used.  For  BLDC motors, only the knowledge of

permanent magnet (PM) motors have been widely used in

waveform. This excitation can be conveniently

control. For PMAC motors, a constant supply of position
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six phase-commutations in- stands per electrical cycle is the  DC  supply to inverter. The input side having one
needed; therefore, low-cost Hall effect sensors are usually non-dissipative snubber. It is used to improve the
used.  To  further  reduce  cost  and improve reliability, efficiency.
such position sensors may be eliminated. Furthermore,
sensor less control is the only choice for some Inverter: It converts DC supply to AC supply. AC supply
applications where those sensors cannot function reliably having some ripples. It is filtered with the help of
because of the harsh environments. The BLDC motor capacitor filter.
provides an attractive candidate for sensor less operation
because the nature of its excitation inherently offers a Snubber: We use non-dissipative snubber. It has a
low-cost  way  to extract rotor position information from capacitor connected in parallel with a diode. There is no
motor-terminal voltages. In the excitation of a three-phase dissipation since there is no resistor. Hence energy is
BLDC motor, except for the phase-commutation periods, stored in the capacitor and it is given back to the circuit.
only two of the three phase windings are conducting at a Therefore, the same output is obtained for the reduced
time; and the non-conducting phase carries the back input.
EMF. Exploring this feature, many indirect position
detection methods, which sense the back EMF from the Load:  Multi  level inverter is generate ac output voltage.
non conducting phase, have been reported in the It is used to run three phase ac motor and any appliance
literature. required for ac voltage.

In most of the reported approaches, all three motor
terminal voltages are required. One of the best method is Micro Controller: Micro controller is used to generate
to use filters to get rotor position information. The triggering pulse for MOSFETS. It is used to control the
position information is then fed to a microprocessor or outputs. Micro controller have more advantages than
digital signal processor (DSP) for phase commutation and analog circuits and micro processor such as, fast
speed control. The torque developed in a PM motor with response, low cost, small size and etc.
a trapezoidal back EMF is very important to the relative
phase of the quasi square wave currents imposed by the Driver 1 & 2: It is also called as power amplifier because
inverter with respect to the back EMFs. A small phase it is used to amplify the pulse output from micro
error in commutation can produce significant pulsating controller. It is also called as opto coupler IC. It provides
torques in such drives and generate extra copper losses isolation between microcontroller and power circuits.
as a result of a circulating current on the “open” phase
that should not conduct. Accurate phase information Regulated Power Supply (RPS): RPS give 5V supply for
about the back EMF is thus required to minimize the micro controller and 12V supply for driver. It is obtained
torque ripple due to phase commutations and to avoid the from AC supply. AC supply is step down using step
additional losses. Filter-based methods often suffer from down transformer.
this vulnerability because of the speed-dependant
characteristics of the derived position information. We Brushless Dc Motor: Fig. 1 shows the excitation of a
Use  filters  to introduce a fixed phase delay, typically _/6 three-phase BLDC motor, consists of a PM motor
or _/2, which is impossible over a wide frequency or motor characterized by a trapezoidal back EMF and a voltage
speed range for most filter designs. Therefore, BLDC source inverter [1]. The PM motor is represented by an
motors based on such sensor less schemes have a limited equivalent circuit consisting of a stator resistance,
speed range and their performance in terms of maximum inductance and back EMF connected in series for each of
torque per ampere capability and efficiency deteriorates as the three phases with the mechanical moving portion
the speed drops. omitted. The figure also shows the desired stator

This paper presents a low-cost sensor less control excitation currents, ia, ib and ic, that the inverter should
scheme for BLDC motors. Rotor position information is provide and their relationship with the back EMFs, ea, eb
derived  by  filtering  only  one motor-terminal voltage. and ec. The currents in each phase should have a
This leads to a significant reduction in the component rectangular wave shape and must be in phase with the
count of the sensing circuit. back EMF. So that the flat top of the trapezoidal back

Existing Methodology current waveform. Such currents will develop a constant
DC Source: It is the first stage of this project. So it is give power and thus a constant torque delivered to the rotor.

EMF waveform is well matched to the quasi-square wave
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Fig. 1: Block Diagram of proposed system two commutation instants. Based on measuring the time

Fig. 2: Excitation of a three-phase BLDC motor BLDC motors, where (1) shows a block diagram of the

Fig. 3: Phase Commutation Instants

In the BLDC motor, only two of the three-phase on the industry application as well as in academics. It is
stator windings that present the peak back EMF are now important for an electrical engineer to understand the
excited by properly switching the active switches of the concept of simulation and learn its use in various
inverter to produce a current with a quasi-rectangular applications. Simulation is the best way to study the
shape. There are six combinations of the stator excitation system or  circuit  behavior  without  damaging  it  [11].
over a fundamental cycle; each combination lasts for a The tools for doing the simulation in various fields are
phase period of _/3, as depicted in Fig. 1. available  in  the  market  for  engineering   professionals.

The corresponding two active switches in each In most of the research and development (R&D) work, the
period may perform pulse width modulation to regulate simulation plays a very important role. Without simulation
the motor current [2]. To reduce current ripple, it is often it is quiet impossible to proceed further. It should be
useful to have one switch doing PWM while keeping the noted that in power electronics, computer simulation and
other conducting, instead of having the two switching a proof of concept hardware prototype in the laboratory
simultaneously. It is also possible to split of the six phase are complimentary to each other. However computer
periods into segments and alternate the switch doing simulation must not be considered as a substitute for
PWM during each segment to improve the current hardware prototype. The objective of this chapter is to
waveform or to prevent the unwanted circulating current describe simulation of impedance source inverter with R,
that may occur in the inactive phase. It is assumed in the R-L and RLE loads using MATLAB tool.

rest of this paper that only the upper three switches
perform PWM, because this method is commonly used
due to ease of implementation. In order to provide such
excitation currents, the rotor position information, i.e., the
angular phase orientation of the back EMFs, must be
known. Only the phase information at the six commutation
instants per electrical cycle marked by arrows in the figure
is required to control a BLDC motor [3].

Proposed Methodology: It is apparent from the previous
section that sensing each terminal voltage can provide

between these two instants, it is possible to interpolate
the other four commutation instants, assuming motor
speed does not change significantly over consecutive
electrical cycles [4]. The circuit for sensing the other two
terminal voltages can therefore be eliminated, leading to
a 66% reduction in sensing components. Fig. 4 illustrates
the proposed low-cost sensor less control. Scheme for

position detection circuit based on sensing only one
motor-terminal voltage and (2) illustrates ideal operating
waveforms for extracting the phase commutation timing
information. Phase voltage, va_, is fed into an integrator
for filtering and introducing the necessary phase delay.
Detecting the zero crossing of the integrator output, va__,
produces two commutation instants per fundamental
cycle [5-10]. This information is then fed into a
microprocessor. The microprocessor measures the
elapsed time, Tk, between these two instants and
generates the other two commutation instants apart from
the last sensed instant by Tk/3 and 2Tk/3, respectively. 

Simulation: Simulation has become a very powerful tool
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Fig. 4: Three phase inverter with R load

Fig. 4.1: Pulse Output

Fig. 4.2: Inverter Output voltage
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Fig. 4.3: Inverter current output

Fig. 4.4: Circuit Model Without Filter

Fig. 4.5: Inverter Output Voltage (without Filter)
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Fig. 4.6: Inverter Current Output (without filter)

Fig. 4.7: Stator Current

Fig. 4.8: Speed of the motor



World Appl. Sci. J., 29 (9): 1107-1116, 2014

1113

Fig. 4.9: Phase Voltage

Fig. 4.10: Output Current

Fig. 4.11: Back EMF
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Circuit Model with Snubber:

Fig. 5.1: Circuit Diagram with snubber

Fig. 5.2: Inverter Output Voltage

Fig. 5.3: Inverter Current Output
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Fig. 5.4: Stator Current

Fig. 5.5: Speed of the Motor

Fig. 5.6: Voltage with and without snubber
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CONCLUSION 6. Iizuka, K.,  H.  Uzuhashi,  M.  Kano,   T.   Endo  and

This paper presents the detailed operation of BLDC Sensor  less  Motor,”  IEEE  Trans.   Ind.  Applicat,
motor without any snubber circuit and alos it discusses IA-21: 595-601.
the operation of the brushless d.c.motor with snubber 7. Ogasawara, S. and H. Akagi, 1991. An Approach to
circuit also. This paper gives in detail about the complete Position Sensorless Drive for BLDCM, IEEE Trans.
simulation and comparison the output voltage with and Ind. Applicat., IA-27(5): 928-933.
without snubber [12-16]. 8. Wu, R. and G.R. Slemon, 1991. A Permanent Magnet

Because of the use of interpolation, this scheme Motor Drive without a Shaft Sensor, IEEE Trans. Ind.
works best for applications that do not require frequent, Applicat., IA-27(5): 1005- 1011.
rapid acceleration or deceleration, usually encountered in 9. Takahashi,   I.,    T.    Koganezawa,     G.J.     Su   and
BLDC motor applications. Conventional Circuit K. Ohyama, 1994. A Super High Speed PM Motor
Drawbacks are High cost due to sensors, More Drive System by a Quasi-Current Source Inverter,
components, Less efficiency, Less reliability, More torque IEEE trans. Ind. Applicat., 30: 683-690.
ripple.  The  merits  of  the  proposed  methodology are 10. Moreira, J.C., 1996. Indirect Sensing for Rotor Flux
less cost, improve the efficiency, wide range of speed Position of Permanent Magnet AC Motors Operating
control, High reliability, Less torque ripple due to filter. Over a Wide Speed Range, IEEE Trans. Ind. Applicat,
The Applications are Mine industries, Oil industries, IA-32: 1394-1401.
Textile Mills, Cement Industries. 11. Jung, D.H. and I.J. Ha, 2000. Low-Cost Sensorless
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